The mechanisms governing infiltration of lymphocytes into tumors remain poorly characterized, despite the critical impact of these cells on patient prognosis 1 and therapeutic responses. 2 Lymphocyte migration into peripheral tissues is tightly controlled by vascular endothelium but the characteristics of tumor blood vessels which allow large scale influx of lymphocytes within human tumors were presently unknown.
High endothelial venules (HEVs) are specialized blood vessels for lymphocyte entry into peripheral lymph nodes. 3 HEVs are composed of plump, cuboïdal endothelial cells that selectively express sulphated sialyl-Lewis X ligands for the lymphocyte homing receptor L-selectin, which mediate the initial capture and rolling interactions of lymphocytes along the vessel wall. Although HEVs are generally restricted to lymphoid organs, blood vessels with HEV characteristics develop in many chronic inflammatory diseases. 3 In a recent study published in Cancer Research, 4 we investigated the presence of HEVs within human primary solid tumors and their potential association with lymphocyte infiltration and clinical outcome. Using a panel of HEV-specific antibodies, we demonstrated that blood vessels expressing HEV classical markers can be observed in the majority of the 319 human primary tumor sections analyzed, including melanomas, breast, ovary, lung and colon carcinomas. In contrast, these HEV blood vessels were not detected in normal tissues suggesting that they are specifically induced in the tumor microenvironment.
HEVs were specifically located in lymphocyte-rich tumor areas. Within the tumor stroma, T cells were frequently seen extravasating or attached to the luminal surface of HEVs, suggesting an active role of these vessels in lymphocyte recruitment. Using a retrospective cohort of 146 primary invasive non-metastatic breast tumors, we demonstrated that the number and the density of MECA-79 + HEVs within breast tumor stroma were heterogeneous among the different patients. Interestingly, HEV number and density were both highly correlated with the density of tumor-infiltrating CD3 + T cells, CD8 + T cells and CD20 + B cells suggesting the existence of a tight link between HEV presence and lymphocyte infiltration into breast tumors (Fig. 1) . In contrast, we found no correlation between tumor HEVs and blood vessels density indicating that differences in the density of tumor HEVs are not related to differences in tumor angiogenesis.
We further characterized immune populations associated with tumor HEVs by flow cytometry using 120 combinations of markers. We found that tumor HEVs were associated both with increased numbers of poorly differentiated populations of T cells, such as tumor infiltrating naïve and central memory T cells, and populations of activated effector memory T cells.
We used qRT-PCR to characterize the gene expression profile associated with the presence of tumor HEVs in breast cancer. Our results indicated that a high density of HEVs in breast tumors was associated with the upregulation of genes related to cytotoxic T cell and T H 1 orientation. In contrast genes associated with T H 2 and T H 17 orientation or related to immune escape were not correlated with HEV presence.
Finally, we analyzed the clinical impact of tumor HEVs in our retrospective cohort of breast cancer patients. Univariate analysis indicated that patients with a high density of tumor HEVs had a significantly longer disease free survival, metastasis-free survival and overall survival than patients with a low density of tumor 5 In addition to these negative regulatory mechanisms, it appears that effector immune cells homing to tumors represent a major barrier to the efficiency of anti-tumor immune responses. Several mechanisms that restrict lymphocyte migration into tumors have previously been proposed. 6 In contrast, our study is the first to describe a mechanism which facilitates lymphocyte infiltration into tumors, the presence of HEVs within the tumor microenvironment. By their ability to recruit large numbers of circulating lymphocytes, tumor HEVs may represent new attractive targets for both cancer diagnosis and therapy. HEVs play a critical role in immunity by allowing recirculation of naïve and memory lymphocytes throughout the different lymphoid tissues of the body, providing effective immune surveillance for pathogens. 7 The recruitment of naïve and central memory T cells through tumor HEVs could allow the generation in the tumor vicinity of high numbers of tumor antigen-specific effector T cells able to recirculate throughout the body and limit the establishment of metastasis in distant organs. In agreement with this hypothesis, stimulation of naïve T cells recruitment and priming at the tumor site in mouse tumor models has been shown to promote both primary tumor and distant metastasis regression. 8 HEV endothelial cells exhibit a remarkable plasticity and rapidly lose their specialized characteristics outside their natural tissue microenvironment. The factors and mechanisms involved in the induction and maintenance of HEVs in human tumors remain to be determined. A better understanding of these factors may provide new opportunities to increase lymphocyte infiltration into tumors and enhance antitumor immune response. A recent report by our team demonstrates that dendritic cells maintain peripheral lymph node HEV blood vessels in steady-state conditions. 9 Therefore, dendritic cells may also contribute to generation and maintenance of tumor HEVs in the tumor stroma. Future work will have to address this issue. 
